This article presents a novel broadband H-plane rectangular waveguide T-junction structure for unequal power dividers at Ka-band. Inspired by H-plane waveguide bend structure and directional coupler, Tjunctions with high power splitting ratio are invented. Compared with the conventional T-junction structures, their bandwidths are obviously broadened. Two in-phase power dividers at Ka-band with different power division ratios (1:4 and 1:8) are designed and fabricated to verify the practicability of the proposed structure. The measured results agree well with the simulations and the broadband characteristics are obtained. The bandwidth of unequal power divider is 44.06% for the 1:4 power divider and 38.9% for the 1:8 power divider, respectively.
Introduction
Power dividers are one of the components which are widely used in microwave and millimeter-wave circuits and antenna feeding networks. Due to the simple mechanism and low loss, H-plane waveguide T-junctions are often used for power splitting. Many studies have been carried out to analyze this structure [1, 2, 3, 4, 5, 6, 7, 8, 9, 10] . There are mainly two geometrical configurations of H-plane T-junctions with equal or unequal output found in the literature: an inductive matching post splitting configuration and a wedge splitting configuration as shown in Fig. 1 .
For the post splitting T-junction, an inductive post was used to split the input power [1] . The partial-height post was also analyzed [2] . Furthermore, the multiple posts were introduced to obtain the wideband characteristic [3] . These T-junctions can be optimized by adjusting the positions and dimensions (diameter and height) to obtain the desired characteristic. For the wedge splitting T-junction, a wedge was inserted from the branch waveguide wall to divide the input power and an inductive window formed by two small wedges inserted between the input waveguide and the output branch to match the input port [4, 5, 6, 7, 8, 9, 10] . The performance is mainly optimized by adjusting the dimensions and positions of wedge and inductive window. By moving the post or wedge along the output branch, the unequal output characteristic can be realized.
In this study, we present a novel broadband unequal output T-junction for power dividing. Two couple windows are proposed on the tilted waveguide bend wall for power splitting and a waveguide stepped impedance matching is adopted at the inside corner to obtain the wide bandwidth. This structure can be seen as an H-plane waveguide bend plus a waveguide coupler without the isolated port. Compared with the conventional T-junctions, the developed configurations are flexibility to obtain arbitrary power splitting ratio with wide bandwidth including large power division ratio range. To demonstrate the proposed configuration, two in-phase power dividers at Ka-band with different power division ratios (1:4 and 1:8) are designed, fabricated and tested. The power dividers exhibit 44.06% and 38.9% bandwidth respectively. These broadband power dividers can be widely used in microwave and millimeter-wave circuits and antenna feeding networks.
Configuration of the T-junction and its mechanism
For the conventional T-junctions, the unequal power divisions are commonly realized by moving the wedge or post a certain distance from the symmetrical line. However, the obtained bandwidth is limited especially for the high power splitting ratio.
The truncated H-plane right-angle waveguide bend can be easily designed with wide bandwidth characteristic as shown in Fig. 2 . The obtained return loss is less than 20 dB over the Ka-band. Furthermore, a directional coupler can also be designed with wide bandwidth [11] .
Inspired by these broadband structures [12] , we developed a novel broadband T-junction structure as shown in Fig. 3 . The metal septum with slant angle a around 45 degree is inserted at the right-angle bend to minimize the effect of discontinuity and the stepped waveguide with width W m and length L m is introduced to avoid frequency cut-off. In order to obtain the broadband power dividing, two rectangular holes are created on the tilted septum to couple the required power to the port 3 which act as the multi-hole in a directional coupler. In fact, the power splitting ratio can be controlled by modifying the positions and dimensions of the coupling holes and the slant septum. The distribution of electric field in this novel T-junction is shown in Fig. 4 . It can be found that most power is transferred to port 2 and only few power is coupled to port 3. Therefore, The big coupling window is mainly used for power splitting and the small one is mainly used for impedance matching. Through the interaction between coupling windows and stepped waveguide, a wide bandwidth with desired power dividing ratio can be obtained. The phase-difference between two output ports can be eliminated by adjusting the parameter L dp .
The design method is mainly based on the genetic algorithm due to the large number of parameters and the objective function is the bandwidth within Áout AE 10% and S 11 ⩽ À20dB, where Áout ¼ jdBðS 21 Þ À dBðS 31 Þj. Table I shows the optimized bandwidth of the novel T-junction and the conventional wedge splitting T-junction with different Áout. The bandwidth of the conventional T-junction is limited by the requirements of Áout AE 10%, furthermore, as power dividing ratio increases, the bandwidth decreases. It is found that the proposed structure is valid over a wide bandwidth and a large power splitting ratio range which demonstrates the novel one is much better than the conventional one. In order to verify the novel configuration, two in-phase output prototypes with power splitting ratio 1:4 (Áout ¼ 6dB) and 1:8 (Áout ¼ 9dB) are fabricated and the slant angle of septum is 46.39°and 43.88°, respectively. The other corresponding dimensions are summarized in Table II .
Simulated and measured results
The simulations were carried out by Ansoft HFSS. Two optimized in-phase Tjunctions at Ka-band are fabricated for experiment to validate the proposed configuration and the photography is shown in Fig. 5 . Although these T-junctions are not full-height H-plane structure any more, they can still be conveniently manufactured by numerical control machine. The measurements were accomplished by an Agilent E8363C vector network analyzer. The simulated and measured results of S 21 and S 31 are shown in Fig. 6 . The measured insertion loss is between 0:5dB and 0:8dB around 32.5 GHz. In order to more clearly observe the results, the variables Áout and Áphase are introduced, where the variable Áphase ¼ jphaseðS 21 Þ À phaseðS 31 Þj. Fig. 7 shows the measured results in comparison with the simulations and good agreements are obtained.
For the unequal output T-junctions with Áout ¼ 6dB and 9dB, the transmission bandwidth within Áout AE 10% is 44.06% (from 25.9 GHz to 40 GHz) and 38.9% (from 26.05 GHz to 38.5 GHz) respectively. It can be observed that the phase differences are all within 15°and the return loss levels are all less than −15 dB (most are less than −20 dB) over the working band.
Due to the fabrication error, the measured Áphase curve in Fig. 7 (b) are deteriorated at higher frequency band comparing with the simulations. The differences between measured and simulated curves of S 11 around 23 GHz in Fig. 7(a) are mainly caused by coaxial-to-waveguide transitions, which have poor performance around this frequency. Furthermore, the ripples in the measured results are mainly caused by the test cables. In a word, the realized broadband performance demonstrates the proposed configurations. 
Conclusion
Two broadband unequal output H-plane T-junctions at Ka-band have been proposed for power dividers in this paper. The novel structure is inspired by the H-plane right-angle waveguide bend and a directional coupler without isolated port at the corner. Two unequal output T-junctions with Áout ¼ 6dB and 9dB are designed and tested. A fractional bandwidth over 44.06% and 38.9% is obtained, respectively. This novel broadband configuration can be widely used in microwave and millimeter-wave circuits and antenna feeding networks.
